In order to provide estimates on the concentration of PtdIns(4,5)P 2 or Ins(1,4,5)P 3 released upon photolysis, we quantified the apparent efficacy of caged fluorescein photolysis in the first 40-50 µm of the pollen tube; this probe becomes fluorescent upon photorelease and the light emitted from loaded cells can be compared to known concentrations of the fluorophore from in vitro solutions (Malhó and Trewavas, 1996) . The graph below (Fig. S1) As with dye distribution, we observed a slight gradient of apparent caged photolysis efficacy, being least close to the tip ( Figure 2 of Malhó and Trewavas, 1996) . We can expect a similar pattern for the distribution of photolysis efficiency in other caged molecules, but exact quantitation is impossible because the photolysis quantum efficiency in many cases is not known and the extent of prior accumulations of caged molecules in the tip may be different for the different molecules.
As with dye distribution, we observed a slight gradient of apparent caged photolysis efficacy, being least close to the tip ( Figure 2 of Malhó and Trewavas, 1996) . We can expect a similar pattern for the distribution of photolysis efficiency in other caged molecules, but exact quantitation is impossible because the photolysis quantum efficiency in many cases is not known and the extent of prior accumulations of caged molecules in the tip may be different for the different molecules.
Unfortunately, when non-fluorescent molecules are being used, the success of the method can only be evaluated by positive responses.
Intracellular changes in PtdIns(4,5)P 2 and Ins(1,4,5)P 3 modify pollen tube growth rate and axis orientation
The estimated concentration values used throughout the manuscript induced reorientation of the pollen tube growth axis along with transient inhibition of growth rates and changes in apical morphology (e.g transient loss of polarity with apical swelling). These are phenomena that occur in vivo as part of the intracellular guidance mechanisms and response to extracellular cues. To put it simply, they convey physiological responses.
Releasing lower concentrations of the two phosphoinositides caused instead a slight increase in growth rates indicating a threshold concentration for these molecules and/or its end products. Release of low concentration of PtdIns(4,5)P 2 or Ins(1,4,5)P 3 in the first 40-50 µm of the pollen tube apex enhanced growth rates (Fig. S2) Relative growth rate (%) Figure S2 : Pollen tube growth rate before and after UV photorelease of caged PtdIns(4,5)P 2 (∼0.2-0.5 µM)(cPIP2) and caged Ins(1,4,5)P 3 (∼0.1-0.2 µM)(cIP3). The average growth rate before the UV flash was considered to be 100%. Error bars represent the standard deviation for the average value. The control involved exposure of unloaded pollen tubes to the same amount of UV light (UV). The one-way analysis of variance indicated that the changes in growth rates observed in loaded cells was significant when compared to the control; the changes induced by photorelease of caged PtdIns(4,5)P 2 were not significantly different from caged Ins(1,4,5)P 3 .
In both cases control experiments involved exposing unloaded cells to the same UV stimuli and were found to have no significant effects. Further details and data regarding this type of control can be found in Figure 12 of Malhó et al. (1994) and also in Malhó and Trewavas (1996) , Malhó (1998) and Moutinho et al. (1998) . In no circumstance, the control experiment induced reorientation. In fact, this is such a subtle technique that even in cells loaded with caged-probes it is common to observe no effect (see results section).
Concentration of caged-phosphoinositides and areas of photorelease
The lower concentrations of phosphoinositides reported above were not used in the experiments described in the manuscript mainly because of the need to document processes that cause a significant and measurable effect. As stated, photorelease of such concentrations did not induce reorientation and the changes in [Ca 2+ ] c were below what we consider to be the limits of resolution from our system (Parton et al., 1997) . Thus our option was to use ∼0.5-0.8 µM PtdIns(4,5)P 2 and ∼0.2-0.5 µM caged Ins(1,4,5)P 3 .
Similarly, although we demonstrated that ∼0.5-0.8 µM PtdIns(4,5)P 2 or ∼0,2-0,5 µM caged Ins(1,4,5)P 3 can induce pollen tube reorientation using localized photorelease, the follow-up experiments were performed with UV irradiation in the first 40-50 µm of the pollen tube apex. The reason for this is also a technical one. In order to accurately map and compare Ca 2+ changes within different regions of the cell, we needed to perform our Ca 2+ imaging using a ratio method. Dual imaging using CLSM is recognisably the most reliable technique for this but in our set up, it precludes simultaneous collection of a transmitted light image. This bright field image is essential to perform accurate photolysis in discrete domains on the pollen tube apex (which is constantly changing position). Thus, if one considers biological and technical variability, even minor changes in the degree of loading, area of release and amount of photolysed molecule can significantly influence the extent of cellular response. By showing representative data collected upon photolysis in the first 40-50 µm of the cell apex, we eliminated most of this variability and obtained more confident data.
PA rescues pollen tubes from butan-1-ol effect and promotes reorientation
As shown in Fig. 4A , 100 mM butan-1-ol added to the growth medium caused a total apical loss of polarity. PA diffusing from a microneedle placed near to the tip of growing tubes (thus creating microgradients; Malhó and Trewavas, 1996) was also found to promote reorientation of the tube growth axis (n=20). Similarly to the photolysis of caged-phosphoinositides, this response is very much dependent on concentration; if the needle is placed too close to the apex (thus increasing the exposure of the cells to PA), growth arrest and apical bulging were observed (n=15).
The effect of butan-1-ol on membrane secretion (Figs. 4C and 4D of the manuscript)
In Figs. 5C and 5D, we document a cell which, upon 1 min treatment with, recovered significantly faster than other cells exposed to the same stimuli. This endogenous variability is common in pollen tubes and generally regarded as a sign of fitness. Furthermore, upon recovery, the cell exhibited apical oscillations of growth and secretion that illustrates the tight coupling between the two processes. Cells that recovered slower exhibited a similar decrease in apical FM fluorescence followed by gradual recovery and re-establishment of the typical tip-focused gradient. The graph below illustrates one of such cells (the recovery/swelling period is indicated by the grey box).
The effect of PA on membrane secretion and actin organization
In animal cells, PA was shown to be important not only for membrane curvature and vesicular trafficking but also to cytoskeletal dynamics (Kooijman et al. 2003) . We thus investigated the effect of PA reduction on the actin cytoskeleton.
We found that interference with the PA metabolism does not affect the presence of microfilaments but significantly changes its arrangement. Pollen tubes treated with butan-1-ol showed large and thick bundles of actin filaments, which extend deeply to the bulged tip (Fig. S4a) . Bundles located in the bulge cortex are partly helically arranged whereas those in the centre of the tip bulge show no discernable directionality. This arrangement per se is, most likely, incapable to support the establishment and maintenance of polarity. After butan-1-ol removal, the cells resume growth and the actin filament pattern rearranges (Fig. S4b ). PA is known to bind strongly to proteins containing SH3-domains which are involved in relaying intracellular signals (Schwartzberg, 1998) and in Arabidopsis one of such proteins -AtSH3P1 -is expressed in pollen grains (Lam et al., 2001) . AtSH3P1 is an actin binding protein (ABP1p), which localizes on or adjacent to the plasma membrane and participates in the scaffolding of actin (Lam et al., 2001) . It is thus tempting to speculate that reduction of PA levels (induced by butan-1-ol) could interfere with correct anchoring and positioning of actin microfilaments causing the apparent randomness of filament organization. The extensive bundling observed could be favoured by the lowering of apical [Ca 2+ ] c levels (Vidali and Hepler, 2001 ). Interestingly, AtSH3P1 was also claimed to play a role in vesicle trafficking because it could rescue the rvs167 yeast mutant deficient in endocytosis and actin distribution (Lam et al., 2001) . If such scenario applies to pollen tubes, and since in butan-1-ol treated cells the apical region is rich in actin filaments but shows no vesicles, the levels of PA could play a role in the association of AtSH3P1-like proteins with vesicles and/or actin, and subsequently regulate vesicle trafficking along the cytoskeleton (Martin, 1998) . Phospholipids and phosphoinositides could thus provide a link between signalling pathways and structural aspects of apical growth.
